A simple one-step synthesis was accomplished for the preparation of N-phosphoramidophosphonates by a direct reaction of phosphoramidate (1) with heterocyclic aldehydes (2a-j) and dialkyl phosphites at 60-70°C in the presence of tetramethylguanidine. The tetramethylguanidine not only catalyses this reaction but also helps to form pure products in high yields in lesser time. They exhibited good insecticidal and antioxidant properties.
The organophosphorus (OP) compounds are one of the largest groups of insecticides in use today and have largely replaced the organochlorine insecticides. The universal use of organophosphorus insecticides has brought about increased benefits in crop production by minimizing pest damage and thereby allowing farmers to adopt better agronomic practices and reap high yields. The OP insecticides have two distinct features. Thy are acutely toxic with a high level of activity inhibiting the vital enzyme cholinesterase, and are chemically unstable and non-persistent in the environment, unlike the chlorinated hydrocarbons. 1, 2) Several OP fungicides, such as iprobenfos and edifenphos, are used for the control of fungal disease in plant. 3) They are effective through their activity against chitin synthetase directly through inhibition of the methylation path of phosphatidylcholine synthesis. 4) In spite of their great practical importance, the detailed mechanism of antioxidant action of organophosphorus compounds and their relationships between chemical structure and antioxidant activity have been comprehensively elucidated only in recent times. 5, 6) Depending on their structure, the nature of the polymer to be stabilized and the aging conditions, phosphites and phosphonates may act both as secondary and primary antioxidants.
In the present investigation, insecticidal, radical scavenging capacity and antioxidative activity for the newly synthesized compounds are evaluated using two antioxidant methodologies.
Results and Discussion
Reaction of 6-amino-6l
,2]dioxaphosphepin-6-oxide 1 with various heterocyclic aldehydes 2a-j and dialkyl phosphites in dry toluene in the presence of tetramethylguanidine (TMG) acts as a catalyst at 60-70°C for 4 h afforded 3a-j 7) in good yields. In the absence of TMG the reaction takes 10 h and product yields are low. The same reaction in the presence of TMG, is completed in 4 h with high yields 79.2-91.6% (Table 1 ). The progress of the reaction was monitored by thin layer chromatography (TLC). The chemical structures of 3a-j were confirmed by elemental analyses, IR, 1 H-, 13 C-, 31 P-NMR and mass spectra. Compounds 3a-j exhibited characteristic IR stretching frequencies in the regions 3410-3380, 1280-1230, 1215-1190 and 740-780 cm Ϫ1 for N-H, PϭO (phosphonate), PϭO (phosphepine) and P-C (aliphatic) respectively. 8) The aromatic hydrogens in 3a-j showed a complex multiplet at 12) Compounds 3d, 3e, 3f, and 3h exhibited their respective molecular and characteristic daughter ion peaks in the mass spectra.
One-Step Synthesis and Bioassay of N-Phosphoramidophosphonates
The merits of this procedure are: less reaction time, simple work-up and formation of relatively a pure product in high yields. TMG being a strong base (pK a 10.78) within ability to react with substrates by virtue of its structure, not only catalyses this reaction but also guides its course to avoid formation side products. Therefore, the use of TMG to perform the addition of dialkyl phosphates to unsaturated systems could offer significant advantages especially in terms of experimental simplicity, and easy work-up, high yield, lesser time, handling easy and could represent a convenient tool for the synthesis of a variety of phosphonate synthons.
Bioefficacy Activity Stomach Action: Results presented in Table 2 revealed that among the ten new compounds tested for their toxicity against Spodotera litura, 3b, 3c, 3g and 3h showed high larval mortality of 91.67, 91.67, 83.33 and 83.33% respectively after 72 h of the treatments, with reference to that of chloropyriphos. Compound 3f recorded 58.33% mortality and other compounds 3a, 3d, and 3e recorded 33.33% mortality. These results further revealed that four compounds (3b, 3c, 3g, 3h) possess activity almost on par with chloropyriphos. This is observed that spraying the four compounds (3b, 3c, 3g, 3h), on the foliage of crop surface gives complete control of S. litura on the third day after spraying. However, S. litura, feeding was reduced at the end of second day after spraying. Phytotoxicity symptoms were not observed with any other test compounds.
Contact action: Results presented in Table 2 revealed that the compound 3g recorded 33.33% larvae mortality followed by 3d and 3e which recorded 25% mortality at 72 h after spraying. Larvae mortality rate was very low in other compounds when compared with that of chloropyriphos with 91.67% mortality. Larvae feeding were normal but slow from third day after spraying.
Antioxidant Testing: The compounds 3a-j were tested for antioxidant property by nitric oxide 13, 14) and 1,1-diphenyl-2-picrylhydrazyl (DPPH) 15) methods. The compounds 3b, 3c, 3g and 3h exhibited high antioxidant property in both nitric oxide and DPPH methods at 100 mM concentrations (Table  3) .
Conclusion
An elegant one-pot synthesis of pohsphoramidophosphonates (3a-j) by one-step reaction of phospharamidate (1), heterocyclic aldehydes (2a-j) and dialkyl phosphites using TMG as a catalyst is accomplished and good insecticidal and antioxidant properties.
Experimental
General Procedure The melting points were determined in open capillary tubes on a Mel-Temp apparatus and were uncorrected. The IR spectra (n max in cm
Ϫ1
) were recorded as KBr pellets on Perkin Elmer 1000 unit. (0.05 mol) was made to react with NaNH 2 (0.05 mol) in 20 ml of dry toluene at 0°C over a period of 30 min. Then it was stirred for 5 h at 30°C 6-amino6l
,2]dioxaphosphepin-6-oxide (1) was formed as indicated by TLC. The solvent was removed from the reaction mixture under reduced pressure. The residue was purified by column chromatography on silica gel (80-120 mesh) using petroleum ether-ethylacetate (8 : 2) as eluent. It was recrystallized from 2-propanol to afford pure 1 in 89% yield. mp 166-168°C.
6-Oxo-6l l
-dibenzo[d,f][1,3,2]dioxaphosphepin-6-yldiethyl{3-(furylamino)methyl}phosphonate (3a)
Furyl 3-carboxaldehyde (2a) (0.005 mol) in anhydrous toluene (20 ml) and stoichiometric amount of TMG was added to the stirred solution of phosphoramide (1) (0.005 mol) in anhydrous toluene (15 ml) at room temperature. After stirring for 30 min, dimethyl phosphite (0.005 mol) in anhydrous toluene (20 ml) was added dropwise. Stirring was continued for another 0.5 h at room temperature and then at 60-70°C for 3 h. The progress of the reaction was monitored by TLC analysis. After completion of the reaction the solvent was removed under reduced pressure. The residue was purified by column chromatography on silica gel (80-120 mesh) using petroleum-ethyl acetate (8 : 3) as eluent. It was recrystallized from 2-propanol to afford pure 3a in 79.2% yield. mp 189-191°C. Other compounds (3b-j) were prepared by using this above procedure.
6-Oxo-6l 5 (60) J P-C ϭ7.6 Hz, P-OCH 2 CH 3 ), 46.1 (P-C) 17.5 (d, 3 J P-C ϭ5.8 Hz, P-OCH 2 -CH 3 ). 
